MAGUKs (membrane-associated guanylate kinase homologs) are proteins involved in cell junction organization, tumor suppression, and signalling. Their structure includes one or three copies of a DHR or PDZ domain (discs-large homologous region or PSD-95/SAP90, discslarge, ZO-1 homologous domain), an SH3 domain, and a guanylate kinase domain. MAGUKs were classified into two subfamilies: Dlg-like with three DHR/PDZ domains and p55-like with a single DHR/PDZ domain. There is now a new subfamily whose members have a novel domain structure: a calcium/calmodulin-dependent protein kinase domain in the N-terminus as well as the DHR/PDZ, SH3 and GUK domains in the C-terminus. These new MAGUKs may regulate transmembrane molecules that bind calcium, calmodulin, or nucleotides. camguk (cmg) is a Drosophila member of this novel MAGUK subfamily; we report its sequence and domain structure.
The MAGUKs (membrane-associated guanylate kinase homologs) are a large family of proteins with members known in Drosophila, Caenorhabditis, and mammals, and are localized at cell junctions or other regions of the plasma membrane (Anderson, 1996) . MAGUKs have a distinctive domain structure including (from N.-to C-terminus) one or three copies of the DHR/PDZ domain, involved in proteinprotein interaction, an SH3 domain thought to allow interaction with other proteins involved in signal transduction pathways, and a guanylate kinase (GUK) domain. The first of these proteins to be identified was the product (DlgA) of the Drosophila tumor suppressor gene lethal(1)discs-large (dlg). DlgA has three DHR/PDZ domains, and is localized at septate junctions between epithelial cells; DlgA is required for the formation of these junctions and for epithelial cell polarity and proliferation control (Woods et al., 1996) . One subfamily of MAGUKs (Dlg-like) consists of proteins with a domain structure as in DlgA. This subfamily includes the human tight junction proteins ZO-l, ZO-2, and ZO-3, and the rat synaptic density protein SAP-90/PSD-95 (Anderson, 1996) . The guanylate kinase domain in these Dlg-like proteins shows a three amino-acid deficiency in the putative ATP-binding site (Woods and Bryant, 1991) , making it unlikely that they are true guanylate kinases. A second subfamily of MAGUKs (p55-like) is typified by human p55, a heavily palmitoylated protein associated with the erythrocyte membrane cytoskeleton that is also present in other cell types. p55 has a single DHR/PDZ domain, and copurifies with dematin, actin, and tubulin; it binds with high affinity to protein 4.1, which links the cytoskeleton to the cell membrane, and to the cytoplasmic domain of the transmembrane protein glycophorin C (Marfatia et al., 1995) . Human DLG3 is another member of the p55-like MAGUK subfamily (Mazoyer et al., 1995) . Unlike the Dlg-like MAGUKs, the p55-like proteins do not show a deficiency in the putative ATP-binding site of their GUK domains. We now report a third subfamily of MAGUKs that includes proteins with a different but related domain structure.
In order to identify additional MAGUKs from Drosophila, we designed PCR primers representing conserved regions in the DHR and SH3 domains of human and nematode p55-like genes, and PCR-amplified a sequence from an adult female Drosophila cDNA library. Using this amplified sequence as a probe, we cloned a near full-length, 4.0 kb cDNA from the same library. The sequence of this cDNA predicts a protein product (Camguk; Fig. 1a ) in which the Cterminus shows a strong resemblance to p55, with a single DHR domain, an SH3 domain, and a GUK domain with an intact ATP binding site. The DHR domain of Camguk is 54% identical to that of human p55 at the amino acid level, the SH3 domain 66% identical, and the GUK domain 50% identical. But, surprisingly, at the N-terminus the sequence predicts a domain with striking similarity to calcium/calmodulin-dependent protein kinase (CaM kinase; for review see Schulman, 1993) , including the entire putative catalytic domain (37% identity with that of Drosophila CaM kinase type IIb) and the calmodulin-binding domain (61% identity; Fig. 1b) . The cmg gene, located at position 3R(93F) in the Drosophila genome (data not shown), thus encodes a member of a novel subfamily of MAGUKs characterized by the presence of a CaM kinase catalytic domain and a calmodulin-binding domain in addition to the DHR/PDZ, SH3, and GUK domains typical of all MAGUKs (Fig. 1a) . Although the cmg locus is the same gene as caki, previously thought to encode only a brain-specific CaM kinase type II (Martin and Ollo, 1996) , the sequence of our near full-length, 4.0 kb cDNA predicts a protein product with both CaM kinase and GUK domains (Fig. 1a) . Fig. 1b depicts the amino acid sequence of Camguk.
Two other proteins related to Camguk have recently been reported (Fig. 1a) ; Camguk and its homologs thus define a new MAGUK subfamily. The Caenorhabditis homolog is encoded by the lin-2 gene, which is required for the response of vulval precursor cells to the vulval induction signal from the anchor cell (Hoskins et al., 1996) . The rat Camguk homolog, CASK, was identified in a yeast twohybrid screen based on its interaction with the cytoplasmic domains of neurexins, a large family of synaptic cell-surface proteins (Hata et al., 1996) . CASK is membrane-associated and enriched in the brain but detectable at lower levels in many tissues. The corresponding domains of Cmg, Lin-2, and CASK are well conserved. The presence of a DHR/PDZ domain in Camguk, Lin-2, and CASK and the binding of CASK to neurexins suggest that these proteins may function by binding to the cytoplasmic domains of transmembrane proteins. In the case of Lin-2, it has been suggested that the protein may function in vulval induction by clustering the Let-23 EGFR tyrosine kinase receptor on the basolateral plasma membrane of the vulval precursor cell so that Let-23 can receive the signal from the anchor cell more efficiently (Hoskins et al., 1996) . Camguk and its relatives show high sequence homology with both CaM kinase and guanylate kinase, and it has been reported that Camguk exhibits low levels of CaM kinase activity (Martin and Ollo, 1996) . However, Lin-2 and CASK do not appear to have the expected catalytic activities. Thus, CASK showed no CaM kinase activity or autophosphorylation when tested in vitro (Hata et al., 1996) . Furthermore, genetic studies suggest that Caenorhabditis lin-2 can function normally in vulval induction even when carrying mutations that should inactivate one or the other kinase domain (Hoskins et al., 1996) . Even if these domains are not catalytically active, they may retain the ability to bind some of the original substrates, raising the possibility that they could use the substrates as regulators. The MAGUKs could then function as regulatory partners of transmembrane molecules, mediating responses to cellular effectors such as nucleotides, calmodulin and calcium.
